Abstract-We propose a new approach to the international comparison of real GDP, as measured from the output-side. The traditional Gary-Khamis system, which measures real GDP from the expenditure-side, is modified to include differences in the terms of trade between countries. It is shown that this system has a strictly positive solution under mild assumptions. On the basis of a sample of 151 countries in 1996, it is shown that differences between real GDP measured from the expenditure-side and output-side can be substantial, especially for small open economies. We also obtain cross-country measures of "real openness" and the terms of trade.
I. Introduction

F ROM its inception, the Penn World
, building on the International Comparisons Program (ICP) of the United Nations, has sought to compare the standard of living of individuals in different countries. That is, the term "real GDP per capita" as reported in the PWT is intended to represent the ability to purchase goods and services by a representative agent in the economy. The same is true of benchmark comparisons as published by the United Nations, Eurostat, or OECD. As such, real GDP is a measure of the wealth of nations, which indicates the amount of goods and services that are available for consumption and investment. However, this expenditure-side interpretation of real GDP is quite different from the uses to which benchmark ICP and PWT data are often applied, where "real GDP" is intended to reflect the output-side of the economy. For example, in the "technology gap" models such as Acemoglu, Aghion, and Zilibotti (2006) , the value of adopting technologies depends on each country's distance to the world technology frontier. When these models are applied to country-level data, as in Vandenbussche, Aghion, and Meghir (2006) , then real GDP on the outputside (relative to the factor inputs) should be used to measure the technology frontier, and not real GDP on the expenditureside, which is influenced by a country's terms of trade. 1 A simple example can illustrate the difference between these two concepts of real GDP. In a two-good open economy, suppose that the price of the country's export good rises relative to the price of its imports, but outputs do not respond. Since the representative consumer is better off, we will argue that real GDP measured on the expenditure-side has increased. But since outputs have not changed, then there is no change in real GDP on the output-side. Studies that are interested in the wealth of countries would want to use the former concept of real GDP, whereas studies that are interested in country productivity would want to use the latter concept. We will give more specific examples from the literature in section V.
The goal of this paper is to carefully distinguish the output-side measure of real GDP, denoted real GDP o , from the expenditure-side measure, denoted real GDP e . The reason these concepts were not distinguished in the ICP and PWT is that these projects treat the net foreign balance in an unsatisfactory way. While there may have been some data justifications for that treatment in benchmark studies of the 1970s, this is no longer the case. In this paper we will introduce new series of both real GDP o and real GDP e which complement the PWT. The treatment of exports and imports proposed here will not only remove the ambiguity presently surrounding real GDP in the ICP and PWT, but also provide a rich new international measure, namely the difference between them. Essentially, these two concepts differ by the terms of trade in the economy, that is, the prices at which goods are exported and imported. We provide a new cross-country series on the terms of trade, which is used to construct a new measure of openness, called real openness, that should prove useful in studies of trade and income.
In section II, the distinction between real GDP on the output-side and expenditure-side is set out conceptually, followed by a discussion of how they are separately measured in time series data. In order to incorporate these concepts into the PWT, however, we need to have a crosscountry measure of their difference. To achieve this, we propose a measure of the purchasing power parity for outputs (PPP o ) rather than expenditures (PPP e ). Currently the cornerstone of the ICP and PWT is the PPP for final expenditures (PPP e ), used to deflate nominal national income to obtain real GDP e . Expenditure PPPs are constructed from the prices of final goods, whether they are produced domestically or imported. If instead we want to deflate nominal GDP to obtain real GDP o , then we need to use PPP o , which incorporates prices for exports, and nets out the prices of imports.
In section III we show how PPP o can be computed using the Geary (1958 )-Khamis (1970 , 1972 ) (GK) system, and how it is built up from separate PPPs for final expenditures, exports, and imports. It should be emphasized that by working at the level of entire economies, rather than sectors, some of the difficulties with measuring real GDP from the output-side are avoided. In particular, we find that while the international prices of intermediate inputs are used, the corresponding domestic prices of intermediates are not needed at all. In this sense, our use of trade data provides a shortcut to obtain output-based deflators for the entire economy. 2 In section IV, we provide an empirical application of our techniques. The data used for this illustration are from the 1996 ICP-PWT benchmark comparison, using four-digit SITC export and import unit-values for 151 countries. With the normalization that world real GDP e equals world real GDP o , we find that one-third of the countries have real GDP e exceeding real GDP o , which means that they are less productive than indicated by the PWT and instead benefit from high terms of trade. Included in this group are Austria, New Zealand, Japan, North America, and most countries in Europe, but also a set of developing countries that happen to benefit from high unit-values on selected export products. The remaining two-thirds of countries have real GDP e below real GDP o , which means that they are more productive than indicated by the PWT but have low terms of trade. That group has lower GDP per capita on average than the former group, but still includes some wealthy countries such as Australia, Hong Kong, and Norway.
When we split our sample between oil and non-oil exporters, we find that the relationship between GDP per capita and the terms of trade differs for the two sets of countries. Generally, there is a positive relationship for non-oil exporters: countries with higher per capita GDP also have higher terms of trade. This terms of trade effect is driven mainly by an increase in export price levels, as import price levels are relatively stable. In contrast, we find no significant relationship between GDP per capita and the terms of trade for our set of 25 oil exporters. This appears to be because export prices in these countries are driven by movements in the global oil market that are common to all.
We have extended the benchmark calculations for real GDP e and real GDP o backwards and forwards in time, creating "constant price" real GDP series that are alternatives to the constant-price series reported in PWT. This is reported in the appendix to this paper. 3 In section V we show how the new series for real GDP e , real GDP o , and real openness can be used in practice, by reestimating some studies using these series. Conclusions and directions for further research are discussed in section VI.
II. Concepts of Real GDP
The distinction between real GDP on the output-and expenditure-side can be illustrated by a simple diagram in a two-good economy, shown in figure 1. We suppose that the production possibilities frontier shifts out because of technological change. At unchanged prices, production would increase from point A to point B. Suppose, however, that the relative price of good 1 falls due to its increased supply, so that the new prices are shown by the slope of the line P 3 P 3 . Production now occurs at BЈ rather than B. We have drawn the case where the budget lines P 1 P 1 and P 3 P 3 are both tangent to an indifference curve U, at points C and D, indicating that the utility of the representative consumer is unchanged. In the case we have illustrated, the production points A and BЈ lie on the same ray from the origin so that the relative outputs of the two goods are unchanged. This means that any index of real output would be identical, and would simply equal 0BЈ/0A Ͼ 1, which is the proportional increase in both outputs. This is the increase in real GDP o as measured on the output-side and reflects an increase in productive capacity. 2 The International Comparisons of Output and Productivity (ICOP) project at the University of Groningen constructs real GDP by sector from the output-side using the industry-of-origin approach (see van Ark & Timmer, 2001 , for example). Sectoral real output can be aggregated to obtain real output GDP, but this has only been done for a limited number of countries so far. The shortcut proposed here, which requires the use of only international and not domestic prices of intermediates, is much easier to implement for a larger set of countries. 3 The appendix is available at http://www.econ.ucdavis.edu/faculty/ fzfeens/papers.html, http://www.ggdc.net/pub/gd95.shtml, and http:// pwt.econ.upenn.edu/papers/paperev.html. 
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Now suppose we pose a different question, and ask what has happened to the welfare of the representative consumer, with indifference curve shown by U in figure 1. An exact measure of consumer welfare, or real GDP e measured on the expenditure-side, would be unchanged since the consumer has the same utility at the two sets of prices. This occurs because there has been a fall in the price of the exportable good 1. The change in real GDP e could be measured by the change in nominal expenditure deflated by an exact consumer price index, constructed with the same prices as real GDP o but using consumption quantities rather than production quantities in the index. The difference between these is exports and imports, of course, but for production quantities we also need to include the imports and exports of all intermediate inputs, as well as their prices. These data are not currently used by the ICP, which restricts attention to final goods.
This distinction between real GDP on the expenditureand output-side is recognized by the United Nations 1993 System of National Accounts (SNA). The former is called real gross domestic income (GDI), while the latter is real GDP. One definition 4 of real GDI is Real GDI ϭ ͑Nominal GDP͒/͑Domestic absorption price index͒, Nominal GDP, of course, is domestic absorption (C ϩ I ϩ G) adjusted for the trade balance (X Ϫ M). The "domestic absorption price index" in equation (1) is constructed over the components of (C ϩ I ϩ G). By excluding export and import prices from this price index, changes in the terms of trade (which affect nominal GDP) are then reflected in real GDI, as demonstrated by Diewert and Morrison (1986) . An improvement in the terms of trade would cause real GDI to grow faster than real GDP. Kohli (2004 Kohli ( , 2006 has shown that this pattern holds for Switzerland and Canada, for example, due to their terms of trade improvements. Kehoe and Ruhl (2008) also show how the terms of trade affect real income, but should not have a first-order effect on real GDP. We shall avoid the term "real GDI," because it is suggestive of the income approach to measuring GDP (that is, adding up the earnings of factors), which we do not use. Instead, we use real GDP e to reflect the expenditure-side concept like equation (1), and real GDP o to reflect the output-side concept like equation (2). Now we come to the key question motivating this paper: which concept does the PWT use as "real GDP"-the output-side measure real GDP o , or the expenditure-side measure real GDP e ? It turns out that the answer is unclear: the ICP constructs real GDP e in benchmark years, but then to interpolate between these years, the PWT must reconcile these changes in real GDP e with the national accounts data reports on countries' real GDP growth. Since national accounts real GDP growth is closer to real GDP o , which is being compared to benchmark estimates of real GDP e , the distinction between these becomes lost in the reconciliation, as we shall discuss further in section V and in the appendix. The fact that the distinction between real GDP e and GDP o is not clearly made is a limitation of previous versions of the PWT that this paper and future revisions intend to improve upon.
III. Measurement of Real GDP
Suppose there are i ϭ 1, . . . , M final goods, such as the categories of goods currently collected by the ICP, of which the first M 0 are nontraded. These final goods may also be used as intermediate inputs, and there are another i ϭ M ϩ 1, . . . , M ϩ N goods that are exclusively intermediate inputs; for convenience we treat these all as traded internationally. To treat domestic demand, trade, and production in a consistent framework, an input-output analysis must be used. In this framework the fundamental equality is between total demand and total supply of each good. For each country j ϭ 1, . . . , C, denote final demand 5 by q ij , intermediate demand by z ij , output by y ij , exports by x ij , and imports by m ij , for i ϭ 1, . . . , M ϩ N. We assume that all of these quantities are nonnegative, but many can be zero: in particular, the intermediate inputs i ϭ M ϩ 1, . . . , M ϩ N have q ij ϭ 0, and the nontraded goods i ϭ 1, . . . , M 0 have x ij ϭ m ij ϭ 0. Total demand in country j is given by q ij ϩ x ij ϩ z ij , and total supply by y ij ϩ m ij . Hence the equality between demand and supply is
Rearranging terms, we obtain
where we refer to y ij Ϫ z ij as "net output" of each good, in other words, gross output minus intermediate demand.
Multiplying by prices and summing over goods i ϭ 1, . . . , M ϩ N, nominal GDP can be measured either from the expenditure-side (left-hand side of equation [4] ) or from the production-side (right-hand side), where the units are the national currency. We presume that for a particular product, the prices of exports and imports can differ from domestic output and consumption. Such price differences always occur in practice, which is why we incorporate them here, without considering why the price differences arise. We distinguish the prices p ij Ͼ 0 for domestic output and consumption, used to multiply q ij , i ϭ 1, . . . , M ϩ N, from those for exports and imports, p ij x Ͼ 0 and p ij m Ͼ 0 respectively. 6 Consistent with the SNA, the export prices are measured net of tariffs and freight, including any subsidy to the buyer but not to the seller, that is, as the f.o.b. (free on board) price in the exporting country. 7 Likewise, the import prices are measured net of tariffs. 8 With these conventions for p ij m and p ij
MϩN p ij m m ij denote the value of exports and imports at tariff-free prices, so that nominal GDP measured on the expenditure-side is
Using equation (4), we can rewrite equation (5) as
where the first equality is obtained by using
Then the second equality follows because x ij ϭ m ij ϭ 0 for the nontraded goods i ϭ 1, . . . , M 0 . We can interpret ( p ij Ϫ p ij m ) as import tariffs (subsidies if negative), and ( p ij Ϫ p ij x ) as export subsidies (taxes if negative). So the final summation on the second line is interpreted as import revenue less export subsidies. Adding this to the value of net output
MϩN p ij ( y ij Ϫ z ij ) as in equation (6) gives us nominal GDP measured on the production-or output-side:
which clearly equals nominal GDP measured on the expenditure-side, from equation (6). The real counterpart to GDP measured on the expenditureside in the PWT is obtained by using data for many countries, and computing average "reference prices" for goods according to the Geary-Khamis (GK) system. The reference prices i e for final goods and the purchasing power parities PPP j e for each country are obtained from the following simultaneous equations:
and
In equation (8), the nominal prices p ij of final goods are deflated by the PPPs, and then averaged across countries. The PPPs are obtained from equation (9), as the ratio of nominal to real final expenditure, where real expenditure is evaluated using the reference prices. The fact that q ij Ն 0 in equations (8)- (9), along with ¥ jϭ1 N q ij Ͼ 0, ensures a positive solution for i e and PPP j e (Prasada Rao, 1971; Diewert, 1999) . Then a normalization can be used to obtain a unique solution.
Subtracting from real expenditure the trade balance deflated by the expenditure PPP, we obtain what is called real GDP in the PWT, and what we shall call real GDP j e :
Notice that the trade balance (X j Ϫ M j ) is deflated by the PPP for final goods, to evaluate real GDP j e on the expenditureside. In contrast to equation (10) 
where the second equality follows from equation (4) using
The first equality of equation (11) is similar to nominal GDP measured on the production-side in equation (6), but using reference prices in equation (11) rather than nominal prices. In principle, the first equality of equation (11) 
But the second equality of equation (11), where we rewrite real GDP j o using the trade balance evaluated with reference prices, shows that the domestic reference prices for intermediate inputs are not needed after all! Essentially, the use of the international reference prices i x and i m gives us a shortcut method for evaluating real GDP j o on the output-side. To evaluate the reference prices used in equation (11), consider the augmented-GK system:
In equation (12) we construct domestic reference prices for the final goods, and in equations (13) and (14) we construct reference prices for exports and imports. These are used to construct purchasing power parity PPP j o in equation (15), which is the ratio of nominal GDP and real GDP j o . In order for these definitions to make sense, we assume the following:
Summing up, we have shown that the augmented-GK system (12)-(15) can be used to obtain a cross-country measure of the GDP price deflator on the output-side, which is PPP j o . We have therefore achieved our goal of demonstrating that final goods data, in conjunction with export or import data, can be used to construct real GDP j o on the output-side. However, it remains to be shown that this system has a solution. This task is complicated by the fact that real GDP j o , appearing in equation (11) and the denominator of equation (15), is not guaranteed to be positive for all possible reference prices. This can be ruled out by some additional assumptions, as follows.
First, define the budget shares for each final, export, and import good as
Notice that these budget shares are measured relative to nominal GDP. In addition, define the market shares for each good as
where i ϭ 1, . . . , M for v ϭ q; and i ϭ M 0 ϩ 1, . . . , M ϩ N for v ϭ x, m. The market shares are measured relative to the world quantity of final demand, exports, or imports for each good. Denote the column vectors of budget and market shares by j v and j v for v ϭ q, x, m and country j. Then our second assumption is the following:
Assumption 2. For all countries j, k ϭ 1, . . . , C, we have:
Clearly, this assumption limits the size of the import shares ij m and ij m . It is appropriate to think of w jk as "weights" because ¥ kϭ1 C w jk ϭ 1. While is it easy to construct examples where assumption 2 is violated for some countries j and k, it is also true that for many values of the import budget and market shares, assumption 2 will hold. 9 Then we prove the following in the appendix:
Theorem. Under assumptions 1 and 2, the system (12) By rewriting real GDP j o , it is possible to give a clear interpretation about the difference between it and real GDP j e .
Notice that real GDP j o in equation (11) can be decomposed as
We can define the three ratios appearing in equation (18) as the inverse of the PPPs for final expenditure, exports, and imports:
Comparing equations (10) and (18), it is immediate that the difference between real GDP j e and real GDP j o is due to the deflation of final expenditure, exports, and imports:
We will find in practice that PPP j e and PPP j q are very similar, since they are both computed from final expenditures, but with different reference prices. If these two deflators for final expenditure are equal, then either PPP j x Ͼ PPP j e or PPP j m Ͻ PPP j e is needed to have real GDP j e exceed real GDP j o , and both inequalities holding is sufficient for this. For example, proximity to markets that allow for higher export prices would work in this direction, but being distant from markets leading to high import prices would work in the opposite direction, raising PPP j m and tending to make real GDP j e less than real GDP j o . We can use the components of real GDP j o to construct a new measure of "real openness," defined as
As we show in section V, this variable improves upon the nominal openness variable now included in PWT, which is commonly used in applications. We conclude this section by noting that for export prices to influence real GDP j o , countries need to produce some goods in common. To see this, consider the opposite case where all countries are fully specialized in their own goods. Then the summations used in equation (13) to obtain reference prices for the export goods would actually be over a single country, that is, the unique country exporting that good. For convenience, suppose that each country exports just one good, and reorder goods so that x ij ϭ 0 for i j and x jj Ͼ 0, so equation (13) 
IV. Application to UN Trade Data and Penn World Tables
In this section we apply our formulas to a data set for expenditure and trade in 1996 for a set of 151 countries. The source for the trade data in the NBER-UN data set is described in Feenstra et al. (2005) , and we use only data for those countries that also appear in the PWT. 11 These trade data contain specific product data classified at the four-digit SITC level, from which we obtain unit-values for exports and imports. The number of unit-values on the export side ranges from 10 for Chad to 1,020 in the United States, and on the import side from 29 in Israel to 776 in Egypt.
It is well known that trade unit-values are measured with error, and so we applied a regression-based procedure to omit outliers. The procedure was to predict import and export unit-values based on tariff rates, distance to trading partners, and exporter wages. Unit-values that were greater than five or less than one-fifth times the predicted unit-value were identified and omitted. By this method, 11% of the 50,115 observations for export unit-values were excluded and 8% of the import unit-values. The resulting cleaned data set had on average about 294 export and 432 import price observations per country. 12 For measuring the expenditure price level, we used the PPPs for three categories of final goods (private consumption, government consumption, and investment) provided by version 6.1 of the PWT, so M ϭ 3. Denoting these aggregate prices from PWT by PPP ij , we compute the "expenditure price levels" for each country, defined as
where E j denotes the local currency price of U.S. dollars in each country j. Unlike the PPPs, the price levels are 10 However, in a two-good, two-country Ricardian model, a unique country imports each good. Say country j exports good j and imports good i j. Then equation (14) (8)- (10) with (12)- (15) . Thus, the two concepts of real GDP do not differ in this case. We thank a referee for alerting us to this example. 11 The only country excluded is Nigeria, because it resulted in some negative reference prices. 12 We also experimented with a looser criterion, omitting only unitvalues greater than 10 or less than one-tenth, and found the overall results are similar to those reported here.
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unit free, and indicate how the U.S. dollar prices in each country compare to the reference prices, also in dollars. In column 1 of tables 1 and 2, we report the expenditure price levels.
We next combine the three categories of final goods with i ϭ 4, . . . , N ϩ 3 categories of export and import unit-values, and compute the extended-GK system in (12)-(15). In column 2 we report the relative output price level PL j o , computed as PPP j o /E j . The normalization used in column 2 is identical to that in column 1; that is, the value of real GDP j e or real GDP j o summed over all 151 countries equals the summed nominal value of GDP in U.S. dollars. The output price levels PPP j o and expenditure price levels PPP j e , and hence real GDP measured either from the output-or the 
These price levels are reported in columns 3, 5, and 6 in tables 1 and 2. The ratio of PL j x /PL j m is reported as the terms of trade for each country in column 4:
A number of observations can be made. First, the output price levels for final goods in column 3 are very close to the expenditure price levels in column 1, which is encouraging. It indicates that the use of a different set of reference prices for final goods does not influence the estimation of a PPP for final goods: PPP j q is almost equal to PPP j e . Second, export price levels differ greatly across countries (see column 5). The highest export price levels are found for Switzerland, Ireland, Sweden, and Bermuda, while low levels are found for countries such as Bangladesh, Cambodia, Guinea Bissau, Laos, and Nepal. Several factors play an important role in explaining differences in export prices. It is well known that under imperfect competition, exporters can and do charge different prices in various destination markets. Such market segmentation can arise in response to changes in nominal exchange rates, or trade policies of the importer. In addition, it is becoming recognized that countries differ systematically in their qualities and bundles of export goods (Lipsey, 1994; Schott, 2004) . This would also create differences in the relative unit-value of their exports. To give one specific example, Bermuda has the highest terms of trade, which is explained by a high price level for exports as compared to imports. Ships and boats (SITC 7932) is by far the most important export product, with exports of $145 million in 1996, and an export unit-value of $2,680 per metric ton. This is higher than its reference price of $1,910 per ton. So Bermuda's exports of ships and boats are priced higher than the world average, and this product is primarily responsible for Bermuda's high price level for exports. To the extent that the boats exported from Bermuda are of higher quality than other countries (which seems quite plausible to us), then the high price level of exports and high terms of trade are being driven by quality rather than a pure price difference with other countries. As we discuss in the conclusions, correcting the unit-values for quality is the most important direction for further research.
The third observation is that import price levels of countries, shown in column 6 of tables 1 and 2, are much closer together than export prices-the standard deviation of import price levels are less than two-thirds that for exports, and less than half that for final goods. This might be related to the fact that import baskets are much more similar across countries than export baskets. High import prices are found for countries like Japan, Korea, Switzerland, and Scandinavian countries, whereas Benin, Gambia, Mexico, Niger, and Sierra Leone are prominent examples of countries in which import price levels are low.
Dividing the export and import price level, we obtained the terms of trade for each country. These are especially low for countries like Cambodia, Guinea Bissau, India, Laos, Mongolia, and Nepal. In these countries terms of trade were lower than 60, indicating that their export PPPs are much lower than their import PPPs. In contrast, countries like Bermuda, Democratic Republic of the Congo, Equatorial Guinea, Ireland, Malta, Niger, and Switzerland benefit from high terms of trade (140 or higher). Those countries with high terms of trade also tend to have real GDP e above real GDP o , but that is not guaranteed, as shown by equation (20) .
Overall, we find that one-third of the countries (51) have real GDP e exceeding real GDP o , which means that they are less productive than indicated by the PWT and instead benefit from high terms of trade. 13 Included in this group are Austria, New Zealand, Japan, North America, and most countries in Europe, but also a set of developing countries that happen to benefit from high unit-values on selected export products. The most extreme case in this group is Bermuda, which has real GDP j e twice as high as real GDP j o , which is explained by its high export unit-value for ships and boats. The remaining two-thirds of countries (100) have real GDP e below real GDP o , which means that they are more productive than indicated by the PWT and have low terms of trade. That group has lower GDP per capita on average than the former group, but still includes some wealthy countries such as Hong Kong, for which real GDP j e is two-thirds that of real GDP o , due to low export prices from Hong Kong. 14 An alternative way to split our sample is by oil and non-oil exporters, since we expect the relationships for the two sets of countries may be different. In figure 2 we plot the terms of trade and GDP per capita levels for the set of 126 non-oil exporting countries, together with the regression line. Generally, there is a positive relationship: countries with higher per capita GDP also have higher terms of trade. The slope coefficient on GDP per capita is significantly positive (at the 5% level). This terms of trade increase is driven mainly by an increase in export price levels, as import price levels are relatively stable. However, GDP per capita explains only 5% of the variation in the terms of trade. In contrast, we find no significant relationship for our set of 25 oil exporters (see figure 3 ). This appears to be due to the fact that export prices in these countries are driven by movements in the global oil market that are common to all.
The pattern shown in figure 2, whereby countries with higher per capita GDP have higher terms of trade, carries over to the comparison of real GDP e and real GDP o . In column 9 of tables 1 and 2 the difference between the two is given as a percentage over real GDP o . The magnitude of this difference depends on the openness of a country and its terms of trade. For example, although India had particularly low terms of trade in 1996, the difference between real 13 Note that the number of countries having real GDP e greater or less than real GDP o depends on our normalization procedure, which is that "world" real GDP e equals "world" real GDP o for the countries in the sample, but the ranking of countries does not depend on the normalization.
14 For example, electronic microcircuits (SITC 7764) sell for $1.09 from Hong Kong, but $1.43 from Japan and $1.74 from the United States. Lower Hong Kong export prices also hold for many other electronic products. 
V. Applications
We believe that there are several areas of inquiry where our new series on real GDP and openness will be useful. First, as mentioned in the introduction, country-level studies of "technology gap" models should use output-based GDP o , and not expenditure-based GDP e , to construct country productivity levels. The reason is that countries' terms of trade are incorporated into real GDP e , whereas the technology gap models are focusing on pure productivity differences across countries. Indeed, the industry-level studies in this area, such as Griffith, Redding, and Van Reenen (2004) and Cameron, Proudman, and Redding (2005) , use industry productivity measures that are analogous to what we construct as real GDP o for countries, in the sense that such series exclude the terms of trade.
Second, we can consider the models of trade and growth, such as Frankel and Romer (1999) . The empirical work on these models often relies on a cross-section of country GDP, representing the income of countries, and relates income to their openness. In this case we feel that real GDP e is (arguably) the correct concept of real GDP. As shown above, in a benchmark year measures of GDP in PWT reflect GDP e , so no adjustment is needed to the crosscountry PWT measure of real GDP in those years. 15 But these papers could benefit from an improved measure of openness. Currently, PWT has two measures of openness: at "current prices," which equals nominal exports plus imports relative to nominal GDP; and at "constant prices," which equals exports plus imports converted by the domestic absorption PPP relative to real GDP from PWT. We propose in equation (21) a measure of real openness that equals real exports plus imports computed with specific PPPs for exports and imports separately, relative to real GDP o . Recently, Alcala and Ciccone (2004) have proposed an alternative, hybrid measure of openness that equals nominal exports plus imports (converted by the official exchange rate) divided by real GDP at PPP: this measure mixes nominal and real units in the numerator and denominator, and as such will be highly sensitive to changes in nominal exchange rates. We believe that our real openness measure achieves greater consistency of measurement, and will make a difference to empirical studies.
For example, in the appendix we have replicated the results of Rigobon and Rodrik (2005) , who found that nominal openness has a negative and significant impact on real income. When we use "real openness" instead we find that the impact becomes positive, and significant in one case. Furthermore, the "real openness" has a stronger positive impact on the rule of law, which therefore leads to a positive indirect impact on income. We also report the results for the terms of trade, which result in positive and significant coefficients on real income.
Notice that the above areas rely on the cross-country measurement of real GDP. Many studies also require time series measures of real GDP growth. In the appendix, we show how the growth in real GDP e and real GDP o differ from each other, and how the existing growth of real GDP in the PWT differs from both of these. In practice, however, the existing measure of real GDP growth in the PWT is much closer to the growth of real GDP o than to the growth of real GDP e . The correlation of growth rates of real GDP from PWT with growth in real GDP e is 0.647, while it is 0.867 with GDP o . So even though real GDP for a benchmark year in the PWT should be interpreted as an expenditure-based measure, its growth rate is closer to an output-based measure.
This distinction is important in potential applications of PWT data using growth rates. An example is Acemoglu and Ventura (2002) , who study the impact of real GDP growth on the terms of trade. They find a negative relationship between these variables after controlling for other factors that influence real GDP. Since they are using real GDP growth computed from PWT, we need to ask whether this measure incorporates movements in the terms of trade, or not. If it does, that would be problematic since it would contribute to a positive correlation between real GDP growth and the terms of trade. However, as discussed above, we know that the growth of real GDP from the PWT in practice is reasonably close to the growth in real GDP o , which excludes the terms of trade. Indeed, when we replicate the results of Acemoglu and Ventura (2002) , and then replace the growth in real GDP from PWT with the growth in real GDP o , we find that their results are not significantly 15 Outside of a benchmark year, real GDP in the PWT is neither a pure expenditure-based nor output-based measure, as shown in the appendix, and alternative estimates along the lines in this paper are needed. Real output GDP per capita
Terms of Trade affected. So for time series studies, the growth of real GDP from the PWT is the best choice if terms of trade influences are to be excluded. A final possible application of real GDP data is to the time series measurement of living standards in countries. This is the topic that Kohli (2004 Kohli ( , 2006 has studied for Switzerland and Canada, for example. He argues that even though the growth of real GDP from the output-side has been poor, the terms of trade have improved for these countries, so that living standards are rising. The measure of real GDP e that we propose to add to PWT will reflect this improvement in the terms of trade over time. The formulas used to obtain all of the series referred to above-whether in PWT or proposed in this paper-and their extrapolation over time are described in the appendix to this paper, and the results given in the data appendix.
VI. Conclusions
We have argued that there is a fundamental difference between real GDP measured from the output-side or from the expenditure-side in international comparisons. The difference is in the treatment of the terms of trade. Real GDP from the expenditure-side represents the ability to purchase goods and services and should incorporate the terms of trade, while real GDP from the output-side measures the production possibilities of the economy and should exclude the terms of trade. Available data from the Penn World Tables is based on an expenditure-side measure of real GDP for a benchmark year, with growth rates that mix the two concepts.
In this paper a clear-cut distinction between the two measures is made. We show that in practice, the measure of real GDP growth in the PWT is much closer to the growth of real GDP from the output-side than from the expenditure-side. Preliminary estimates for real GDP from the output-and expenditure-side are provided in the appendix, with some extrapolations over 1950-2000, as well as new measures for real openness. These series are experimental and need further development. The main defect of these estimates so far is that they do not correct the unit-values in trade for quality. Recent papers that attempt to tackle this problem include , Hallak and Schott (2006) , Hummels and Klenow (2005) , and Timmer and Richter (2009); and we can hope that enough progress will be made on these methods to allow implementation over a wide set of countries, products, and years. In our view, that is the key theoretical and empirical issue that must be resolved before applying the techniques described herein to obtain separate measures of real GDP on the output-side, and the expenditure-side, in the Penn World Tables.
